Abstract. Transgenic animals have been used previously to study gene function, produce important proteins, and generate models for the study of human diseases. As the number of transgenic species increases, reliable detection and molecular characterization of integration sites and copy number are crucial for confirming transgene expression and genetic stability, as well as for safety evaluation and to meet commercial demands. In this study, we generated four transgenic goats by somatic cell nuclear transfer (SCNT). After birth, the cloned goat contained transferred insulin-like growth factor I (IGF-1) gene was initially confirmed using a polymerase chain reaction (PCR)-based method. The four cloned goats were identified as IGF-1 transgenic goats by southern blotting. The number of copies of the IGF-1 gene in each of the transgenic goats was determined. Additionally, four integration sites of the transgene in the transgenic goats with a modified thermal asymmetric interlaced (TAIL)-PCR method were identified. The four different integration sites were located on chromosomes 2, 11, 16 and 18. The present study identified the copy number and integration sites using quantitative PCR (qPCR) and TAIL-PCR, enabling the biosafety evaluation of the transgenic goats.
Introduction
Transgenic animals are a powerful tool used in the study of the function and regulation of genes in vivo, the production of important pharmaceutical proteins, and the creation of pathologic models for human disease therapy (1) (2) (3) . When new transgenic animals are generated, one essential step is to identify the transgenic livestock. Novel approaches to improve the molecular characterization of transgenic livestock would have considerable economic and commercial benefits. Commonly used transgenic techniques such as somatic cell nuclear transfer always result in the random integration of multiple copies of target genes in the host genome (4, 5) . Thus detecting the existence and expression of target genes in transgenic animals, as well as determining the copy number and insertion site in transgenic animals is crucial, as these factors can greatly affect the expression level and genetic stability of targeted genes (6) (7) (8) . The random insertion of multiple copies may have marked effects, such as the inactivation of an endogenous gene following transgene insertion. Different levels of transgene expression and even silencing of the transgene may result when inserted into a heterochromatic region due to chromosome position effects (9, 10) .
Based on the difference between the transgenic and non-transgenic animal at the DNA level (target gene-, promoter-, marker gene-and construct-specific), a number of DNA-based methods have been utilized for transgene detection, such as polymerase chain reaction (PCR), quantitative PCR (qPCR) (11, 12) and thermal asymmetric interlaced (TAIL)-PCR (13) (14) (15) . The PCR-based detection strategies have become the core method due to their high specificity, efficiency and sensitivity (13) . The number of transgene copies has traditionally been estimated by southern blotting techniques, which are tedious and timeconsuming methods and require a large amount of DNA sam ple for each assay. Moreover, quanti fication using those methods is not accurate (when multiple copies of transgenes insert into one or more loci) and yield ambiguous results (16) . The emergence of the sensitivity and accuracy of qPCR technology allows for the copy numbers in transgene animals can easily be determined (7, 11) . qPCR technology has been applied to analyze the copy number of transgenic mice (17) (18) (19) , swine (7) and livestock (5) .
Chromosome walking and flanking sequence cloning procedures were employed to detect the integration site of the target gene. The potential of inserting mutation renders the identification of the transgene location critical (20) . Currently, a number of PCR-based methods are available for these purposes, including inverse PCR (I-PCR) (21), ligation-mediated PCR (22) and event-specific PCR (23) . However, each of these methods has drawbacks when considered for wide use in transgenic animal analysis (24) . Recently, improved methodologies have been developed to address these issues. The TAIL-PCR is the most successful method currently used to precisely identify transgene flanking sequences. Additionally, TAIL-PCR has been widely used in identifying the insert sites of transgenic animals (20) . To obtain precise flanking fragments rapidly, we have developed a novel efficient method that combined the restriction method from southern blotting with TAIL-PCR procedures to analyze the integration sites.
In this study, we generated the transgenic-cloned goat that specifically expresses insulin-like growth factor I (IGF-1) in milk (25) . To stimulate the molecular analysis of cloned goats, we initially used PCR and southern blotting to identify the cloned goats as IGF-1 transgenic goats. The exact integration site and copy numbers of the four individual IGF-1 transgenic goats were detected by qPCR and TAIL-PCR methods.
Materials and methods
Production of IGF-1 transgenic goats. Transgenic goats were generated by somatic cell nuclear transfer (SCNT) with SalI/PvuI-linearized plasmid pIN, which contained 6.1 kb of the goat β-casein proximal promoter region, the coding region of goat IGF-1 gene and 2.3 kb of the 3' β-casein region (26) . Briefly, SalI/PvuI-lineralized plasmid was transferred into fibroblasts by Lipofectame 2000 and screened with neomycin. Healthy transferred pIN donor cells (fibroblasts) were then cultured in starved medium and injected into the perivitelline space of enucleated oocytes with a beveled micropipette. In addition, the activated reconstructed couplets were cultured in the oviducts of synchronized temporary intermediate recipients or transferred into the uterine tubes of each recipient. After 5 days of culture in vivo of the reconstructed embryo, the developed morulae and blastocytes were surgically transferred into the uteri of synchronized final recipients. At day 35, the surrogates were scanned with B-ultrasound scanner to detect pregnant goats. Four cloned goats were eventually born.
DNA extraction and genomic PCR identification DNA extraction. Whole goat blood genomic DNA was extracted from the four IGF-1 transgenic goats and three non-transgenic goats with the TIANamp Blood DNA Midi kit [Tiangen Biotech (Beijing) Co., Ltd, Beijing, China] according to the manufacturer's instructions. The extracted DNA was kept at -20̊C until use. This animal study was approved by the Institutional Animal Care and Use Committee of Nanjing Agricultural University. The extracted genomic DNA was quantified by electrophoresis. Gels were prepared with 1% agarose in TAE buffer with ethidium bromide (EtBr).
Primer design and PCR identification. Three pairs of specific primers were designed to evaluate the presence of the transgene. Primers were designed according to Fig. 1A and are listed in Table I . PCR amplification was performed with the genomic DNA template, recombinant Taq polymerase, 10X buffer, and primers. The conditions for PCR were: 94̊C for 5 min, 94̊C for 30 sec, 60̊C for 30 sec, and 72̊C for 90 sec for 30 cycles, with a final extension at 72̊C for 10 min. The PCR product was isolated and linked to plasmid pMD19-T for sequencing.
Southern blot analysis. Southern blotting hybridization was carried out with the DIG system (F. Hoffmann-La Roche AG, Basel, Switzerland) according to the manufacturer's instructions. Briefly, 30 µg genomic DNA from four cloned goats and three control goats were digested with HindⅢ/EcoRⅠ and separated on a 1.0% agarose gel. Plasmid pIN was also digested as a positive control. The gels were blotted onto nylon-N + membrane (Whatman plc., Maidstone, England) overnight in 20X SSC buffer. As a probe, 804 bp amplified fragments were labeled with DIG-11-dUTP using the PCR DIG Probe Synthesis kit and hybridized to the membrane at 45̊C overnight in DIG Easy Hyb solution (both from F. Hoffmann-La Roche AG). Detection was performed with the DIG Wash and Block Buffer Set (F. Hoffmann-La Roche AG). The DIG-labeled probe was detected with anti-digoxigenin AP Fab fragment and visualized with nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl-phosphate (NBT/BCIP) solution (both from F. Hoffmann-La Roche AG).
Detection of qPCR.
To examine the copy numbers of the IGF-1 gene in transgenic goat, it was essential to construct a standard curve (7) . First, a series of standard samples containing 1, 4, 16, 64, 256 and 1,024 copies of the IGF-1 gene, respectively, were prepared by mixing the wild-type genome of a Saanen dairy goat with plasmid pIN. A standard curve was drawn by plotting ΔCt (ΔCt = Ct IGF-1 -Ct GAPDH ) against the log of IGF-1 gene copies of corresponding standard samples. qPCR was performed with SYBR Premix Ex Taq (Takara Bio Inc., Otsu, Japan) on a 7500 real-time PCR System (Applied Biosystems, Foster City, CA, USA) as follows: 95̊C for 10 sec, followed by 40 two-step cycles at 95̊C for 5 sec and at 60̊C for 34 sec. Primers for the IGF-1 and GAPDH genes (GAPDH was amplified concurrently as an endogenous control) are shown in Table II . A total volume of PCR (20 µl), containing 2.0 µl 10X PCR buffer, 0.5X SYBR-Green I deoxyribonucleoside triphosphates, 0.4 mmol/l dNTP, 1 unit Taq DNA polymerase, 2.0 µl primers and 6 µl 20X diluted cDNA as the template was also utilized. The Ct value was calculated by the Sequence Detection System software (Applied Biosystem). The amount of target normalized to reference was calculated by 2 −ΔΔCt in qPCR. For each DNA sample (four IGF-1 transgenic goats and two non-transgenic goats), both the target and reference genes were amplified independently on the same plate and in the same experimental run in triplicate. The values are presented as mean ± SEM. The Ct value was calculated by the Sequence Detection System software (Applied Biosystems).
TAIL-PCR analysis of the integration site.
To analyze the integration sites, TAIL-PCR was performed employing three transgene-specific primers and five arbitrary degenerate primers (AD1, AD2, AD3, AD4 and AW). Fig. 2A shows the schematic relationship between the specific primers and arbitrary degenerate primers with the target genomic sequence or flanking sequence of IGF-1 transgenic insertion. All the primers used in this study were purchased from Invitrogen Co., Ltd.
(Shanghai, China) and are listed in Table III . The TAIL-PCR process included three sequential PCR reactions (Table Ⅳ) . TAIL-PCR protocol was performed according to the method described by Liu et al (27) . Briefly, the primary PCR reaction contained recovered HindIII/EcoRI-digested template (two types of template were used; one was a fragment <4 kb, while the other was a fragment >4 kb), 2.5 mM each dNTPs, 0.6 µM of SP1 primer, 2 µm of the AD primer, and 1 unit of Taq polymerase in 20 µl reaction buffer. In the secondary or tertiary round, 1 µl of 10-fold diluted first or secondary products were used as templates and supplemented in the reaction. The thermal cycling conditions are shown in Table Ⅴ . The products of tertiary TAIL-PCR reaction were separated on a 1.0% agarose gel. Specific bands for each set were purified using a gel purification kit (Omega Bio-Tek, Inc., Norcross, GA, USA) and sequenced. Sequencing results were analyzed using the BLAST and NCBI databases for bovine genomic DNA to identify the specific chromosomal integration sites.
Results
Generation of transgenic goats. In total, 50 donor goats were used in this study, with 388 in vivo matured oocytes being recovered. In addition, 375 oocytes were enucleated and produced karyoplast-cytoplast couplets using prepared donor cells. Subsequent to fusion, a total of 221 reconstructed embryos were obtained. Reconstructed pronuclear-stage embryos were transferred into 46 synchronized recipients, which produced 23 (50%) pregnancies at day 35. Four healthy kids were born and survived to maturity (Fig. 1B) . PCR detecting of transgenic goats. When four cloned goats were previously generated by SCNT, the first step was to identify whether these cloned goats were IGF-1 transgenic goat. PCR was carried out with three pairs of primers to analyze the cloned goats. Results showed that the four goats that survived to maturity were IGF-1 transgenic. Fig. 1C and D show that the IGF-1 gene was integrated into the genome of four cloned goats, while there was no target band in the non-transgenic control goats. Sequencing results showed that the inserted IGF-1 was consistent with the plasmid pIN, without any mutations. Fig. 1E shows that four clone goats contained the IGF-1 gene in their genome, and included the resistance gene (neo).
Southern blotting identification of transgenic goats. After PCR detection, we verified that plasmid pIN was integrated into the genomic DNA of transgenic goats using southern blotting. Southern blotting, a highly accurate and sensitive technology, has been widely used in the identification of genetically modified products, especially when the transferred genes were highly homologous with endogenous genomic DNA. For detection of southern blotting, a probe was designed and amplified ( Fig. 2A ). 
Copy number analysis of the IGF-1 gene in transgenic goats.
Since the copy number of transgenes may greatly affect the expression of the target genes, we determined the copy numbers by qPCR. The absolute quantitative standard curve was drawn by plotting ΔCt (ΔCt = Ct IGF-1 -Ct GAPDH ) against the log of IGF-1 gene copies of corresponding standard samples (Table Ⅵ) . The standard curve was calculated as: log2N (copy number) = -1.0244ΔCt + 5.3576 (R 2 =0.9963) (Fig. 3C ). Following construction of the standard curve, we sequentially detected the copy numbers of transgenic goats with qPCR. The reported Ct values were averaged for the triplicates (Table Ⅶ) . Using the equation, the number of IGF-1 transgene copies of the four transgenic goats were estimated (Table Ⅵ) . Results determined that four transgenic goats contained approximately the same number of copies of the IGF-1 gene (7.89-9 copies), while no copies were identified for the non-transgenic goats. 
Integration sites analysis of IGF-1 gene in transgenic goats.
Since the transgene integration site and the resulting perturbation may greatly affect the expression of the inserted gene and its neighbors, we performed TAIL-PCR with three transgene specific primers and five arbitrary degenerate primers to clone the flanking sequence. For T1 transgenic goat, two specific fragments of ~1,500 and 2,000 bp in size were amplified when using the combination of arbitrary primer AD2 and special primer SalⅠ3 at the third TAIL-PCR, while TAIL-PCR amplified three specific fragments of ~500, 1,200 and 2,000 bp with primer AD2 and special primer PvuⅠ3 in T1 transgenic goat (Fig. 2B) . No such specific bands were amplified in the parallel negative control experiments using non-transgenic goat genomic DNA as a template. For the T2 transgenic goat, a unique fragment of ~500 bp was amplified with the arbitrary primer AD2 and special primer SalⅠ3 and three special fragments of ~500, 1,500 and 2,000 bp were amplified with primer AD2 and special primer PvuⅠ3 at the third TAIL-PCR (Fig. 2B) . These amplified DNA fragments were cloned into plasmid pMD19-T and sequenced. The sequenced DNA fragments were analyzed by Bio-edit. Results show that the cloned bands from the SalⅠ side contained a 69 bp sequence of exogenous plasmid pIN SalⅠ border region running into a goat genomic DNA sequence. The amplified bands from the PvuⅠ side were consistent with the 160-bp sequence of exogenous plasmid pIN PvuⅠ border region in contiguity with the goat genomic DNA sequence. These results suggested that the junction sequences spanning the transgenic integration sites were correctly revealed.
The BLAST results showed that two distinct sites of integration were identified on the SalⅠ border region, one each on chromosomes 18 (GenBank ID: NM-3104464.1; range, 823,389-823,645, 92%) and 16 (GenBank ID: NM-003104439.1; range, 9,355,733-9,355,900, 88%) (Fig. 4) . For the PvuⅠ border region, we identified another two distinct integration sites mapped to chromosome 11 (GenBank ID: NM-001492908.3; range, 4,167,112-4,167,267, 85%) and 2 (GenBank ID: NM-003103851.1; range, 11,847,579-11,847,774, 91%) (Fig. 5) . 
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Discussion
The first transgenic livestock was generated almost 30 years ago (28) . Currently, a common method for producing transgenic livestock involves using genetically modified cells in SCNT. Compared with conventional transgenic technology, SCNT technology allows the evaluation of the transferred gene in vitro, which may greatly improve the safety of genetically modified animal by assessing positive donor cells, and markedly reduce the probability of the transgene being silenced in offspring (29) (30) (31) . In this study, we obtained four IGF-1 transgenic goats, which were developed to adolescence and expected to be bred in September 2013. The four goats have suitably developed in body and mammary gland, without any disease.
To evaluate the transgenically cloned goat for commercial use, the transgene copies and integration sites should be identified. The transgene in the present study was a 465 bp IGF-1 fragment in the pBC1 vector. PCR and southern blotting results demonstrated that all four goats were IGF-1 transgenic goats. It is known that the transgene may randomly integrate into any site of the genome, the integration site and copies may be influenced by the insert time, plasmid form and insert position (32) . Both the number of copies are presently known to integrate and the genomic context of the transgene has been proven to influence the phenotype of the transgenic animal (7, 33, 34) . The high copy number tandem integration was thought to lead to transgene silencing (35, 36) and the high copy number may decrease with aging in transgenic animals. Ballester et al and Vaisman detected the copies of transgenic animal using qPCR methods (11, 37) . The study by Kong et al suggested that the transgene expression level is associated with the copy number in transgenic pigs (7) . In this study, we aimed to identify the copy numbers in IGF-1 transgenic goats with qPCR. qPCR is considered a simple, rapid and accurate method to estimate the transgene copy number in transgenic animals. By using this method, we revealed that four transgenic goats contained almost the same copy numbers of the transferred IGF-1 gene in goat genome (from 7.89 to 9 copies). For a similar copy number of the four transgenic goats, the same donor cell may be an appropriate explanation.
Following evaluation of the copy numbers of IGF-1 transgenic goats, we detected the integration sites of the transgenic goats, which primarily affect the transgene expression. The integration site has been proven to affect the level and time of transgene expression (38, 39) . In transgenic mouse, the same transferred gene would be transcribed in different time periods for their different insert location (40) . However, results of recent studies have suggested that the integration site may not always be random (42) . Previously it was found that in certain sites the transgene was inclined to integrate by random transfection, such as LINE elements (41) . However, random transfection may not result in random integration but in some hot integration sites and these hot integration sites may have a common character allowing the transgene to integrate. Yan et al demonstrated that the foreign fad2 behaved similar to an X-linked gene and that foreign DNA molecules were inserted into the eukaryotic genome through a homologous illegitimate random integration (42) .
Considering the importance of identifying the integration site, several PCR-based methods have been applied for the precise determination of the integration site of foreign DNA into native chromosomes. These methods include I-PCR, interspersed repetitive sequence PCR (IRS-PCR), linear amplification-mediated PCR (LAM-PCR) and TAIL-PCR. Of these, TAIL-PCR has obvious advantages as it may be used to identify homozygous animals (14, 15) . TAIL-PCR has been widely used for genome walking and flanking sequence cloning in transgenic animals. In TAIL-PCR, enrichment of the target products depends on the difference in amplification velocity between the target and non-target products (13, 24) . In this study, we improved the TAIL-PCR methods. The performance of TAIL-PCR was strongly dependent on the PCR efficiency and specificity. The improved methods entailed one more digestion reaction. When we performed the TAIL-PCR, we first digested the template goat genome DNA by HindⅢ and EcoRⅠ, which was used in southern blotting identification. The digested genome was run on 0.8% agarose gel and then recovered; the fragments were >4 or <4 kb. TAIL-PCR with subsequently performed using the two types of templates as described in a previous section. The digested step was used to increase the specificity of target genes. Compared with conventional TAIL-PCR, our methods divided possible integration site into two sections, increasing the efficiency of TAIL-PCR, particularly for the template <4 kb. The results suggest that the improved TAIL-PCR was more efficient than conventional TAIL-PCR for cloning flanking sequences. Using these modified methods, we identified the integration sites NM-001492908.3, NM-003103851.1, NM-003104439.1, NM-3104464.1.
In conclusion, PCR-based techniques have been widely used for the precise transgene flanking sequence and copy number identification in molecular biology research. The present study has demonstrated the successful use of PCR and southern blotting to characterize four cloned goats as IGF-1 transgenic goats. The qPCR method clarified the copy numbers of the IGF-1 gene in transgenic goats. Furthermore, using the TAIL-PCR approach, we identified four integration sites with high specificity and provided information on the chromosomal location. The future application of TAIL-PCR to characterize transgenic animals is likely to be extremely significant.
